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NACA ARR No. LLjFO2
NATIONAL ADVISCORY COMMITTZE FOR AERONAUTICS

" ADVANCE RESTRICTED REPORT ...

THE EFFECTS OF STATIC ﬁARGIN AND ROTATIONAL DAMPING IN
PITCH ON THE LONGITUDINAL STABILITY CHARACTERISTICS
OF AN ATRPLANE AS DETERﬁINED BY TESTS OF A MODEL
IN THE NACA FREE~FLIGHT TUNNEL
By John P. Campbell and John W. Paulson

STUMMARY

The effects of statle margin and rotational damping
in pltch on the longitudlnal stabllity characteristics of
an alrplane have been determined by fllght tests of a
model in the NACA free-flight tummel. In the investiga-
tion, the rotational damping in piltch was varied over a
wide range by using horizontael tails that variled 1n area
from 0 to 2. percent of the wing area. A range of static
mergins from 2 to 16 percent of the mean aerodynamic
chhord wes covered ln the tests. TI'or each test conditilion
the model was flown and the longltuvdinal steadlness char-
acterlstics were noted.

It was found ln the 1lnvestigation that lcngltudinal
steadiness was affected to a much greater extent by
changes In static margin than by changes 1ln rotational
damping. The best longitudinal steadlness was noted at
large values of static marglin, For all values of rota-
tlonal dsmping, the steadliness of the model decreased as
the statlc margin was reduced. The model was especlally
unsteady at low values of static margin (0.05 or less).
Reductlion 1n rotational ‘damping had 1little effect on
longltudinal steadlness, except that with low values of
static margin (0.03 or less) the longitudinal divergences
were sometimes more violent with the tallless (low rota-
tional damping) condition.

In the appllcations of the model test results to
full-scale airplanes the small scale of the model and the
method of control make the model tests conservative; that
1s, the steadlness of the alrplane ls expected to be some-
what pgreeter than that of the model for given values of
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static mergin and rotational damping in plitch. The model
test results indicate that the tallless airplane, in
splte of its low rotational damping in pitch, should have
longitudinal steadlness characteristics simllar to those
of a conventional airplane with the same amount of static
margin, provided the static margin 1s greater than 0,03.

INTRODUCTION

Full-scale flight Investigations have indicated that
static longitudinal stabillty and rotational damping in
pltch are two Important factors affecting the longltudinal
handling characteristics of airplanes. No flight investi-
gatlons have been made, however, in which both of these
factors were systematically varled., Such an Investigation
was consldered desirable especially because of the recent
trend toward tallless alrplanes, which have i1nherently low
damping In pitch. An investigation has therefore been
carried out 1In the NACA free-flight tunnel to determine
the effects of large changes 1n static margin and rota-
tional damping In pitch on the longitudinal stability
characteristics of airplanes, Static margin 1s a measure
of statlic longitudinal stabllity and 1s defined as the
distance between the center of gravity and the neutral
point of an airplane expressed 1n terms of the mean aero-
dynamic chord.

The investigation was made with a free-flying,
dynamic model. The longitudinal steadiness of the model
was observed 1in flights made with varlations in horizontal
tall area and center-of-gravity location that gave a wide
range of values of rotational damping and static margin.
In the lnvestigation an attempt was made to determine the
relatlon between the observed longitudinal stability char-
acteristics in flight and the calculated characterlistics
of both the phugold and the short-period longitudinal
osclllations.

SYMBOLS

cg, 11ft coefficient [ -LALt
1
Epvzs
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- C pitching-moment coefflclent

Pitching moment
Op . .. Pt T AP
acy : e :
I rate of change of plbtching-moment coefficient
t per degree stabllizer incldence

1t angle of 1ncldence of horlzontal tall, positive
when trailing edge 1s down, degrees

cmé rate of change of pitcﬁing-moment coggiicient
with pltching angular velocity [ —=
- (#)
o] mass density of air, slugs per cublc foot
q pitching angular veloclty, radlians per second
\' alrspeed, fest per second
c mean serodynamlic chord, feet
dCp —
_5E£ static margin, chords (x/¢, for propeller off)
X Glstance from center of gravity to neutral poilnt,
feet _
3 - wing area, square feet
kY radius of gyration about Y-axls, foeet
b wing span, feet

T1/2 time to damp to one-half amplitude, .seconds

P period of longitudinal oscillation, seconds
8 angle of pitch, degrees
APPARATUS

The Investlgation was carried out in the NACA free-
flight tunnel, which 1s fully described in reference 1.
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A photograph of the test sectlion of the tunnel showing a
model in flight is presented as flgure 1. Force tests
made to determine the static stability characteristics
of the model were run on the free-flight-tunnel six-
component balance. (See reference 2. A free-oscillatlion
apparatus similar to that described 1n reference 3% was
used to obtain values of cmq.

A three-view drawlng of the model used 1n the inves-
tigation is given in figure 2. The model was constructed
principally of balsa and was fitted with control surfaces
similar to those described 1n references 1 and 2, 1In
addition, a movable elevator was lnstalled on the inboard
portion of the wing (fig. 2) to provide longitudinal trim
and control during flights with the horizontal tall re-
moved, Three geometrically similar horlzontal talls
were used on the model. (See fig. 2 and table I.) For
the tallless conditlon, the horizontal tall was removed
whlle the vertical tall and the fuselage were retalned
on the model. The center-of-gravity location of the
model was varled by shifting lead weights located 1in the
nose and the tail.

METHODS

Calculations

The perlod and the time to damp to one-half amplil-
tude for both the short-perlod longitudinal osclllatlion
and the phugold, or long-period longitudinal oscillation,
were computed for each tall conditlion for a range of
values of static margin from 0,02 to 0.16 mean aero-
dynamic chord. Values of the static longltudinal
statility derivatives used ln meklng the calculatlions
were obtalned from force tests of the model, and values
of the rotational damping derlvatlve Cmq were obtalned

by a free-oscilllation-test method simllar to that de-
scribed 1n reference 3. All the calculatlons were made
for a 11ft coeffliclent of 0.5.

Flight-Testing Procedure

The model was flown with varlous amounts of statiec
margin for each value of rotational damplng and a rating
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of longitudinal steadiness was assigned by the pllot to
" each condition tested.. The model motlion was observed

wlth controls fixed and also during controlled flight. - ..

One neasuwre of steadiness was the frequency with which
elevator deflections had to be appllied to keep the model
flylng smoothly in the center of ths tunnel. For very
steady conditione, elevator control was seldom necessary;
for unsteady conditlons, however, alternate up and down
elevator deflections were required almost continuocusly.
Another measure of steadliness was the magnitude of ver-
tical motions of the mecdel in the tunnel while the model
was being controlled. Large voertical displacements and
rapld wotlons were the usual Indicatlions of unsteadlness
and slow, easlly controlled motions of small magnitude
were obtalned 1in steady-flight conditions.

Motlon-pilcture rocords were taken wlth a camera
mounted at the slde of the test section of the tunnel
for sore conditlions to supnlement ths pllot's ovreserva-
tlons cf steadincss., Most of these records were made of
controlled modsl motions baecause elevator control was
usually required to keep the mndel flying In the center
of' the tunnel.

Three dlfferences bstween tlie method of controlling
the longitudlnal motions in model fligkt and in airplene
£1izht should be noted:

(1) The model is controlled bty sbrupt elsvator de-
flecticns of 29 to 5° or more, which are applied for very
short perlods of time; whereas, the airplane control can
be apolied slowly and smoothly. Thils dilfference probably
makes the model flighte more Jjumpy than those of an alir-
plane with the sesme values ol stetic margin and rota-
tlonal damping.

(2) For the model, abrupt elevator control 1s given
from a fixed neutral position and upon release the ele-
vator returns to the neutral position. With this method
of control it 1s impossible for longltudinal motions of
the model to be Iinduced by osclllations of the elevator
itself as is sometimes the case for airplanes.

(3) The model 1s usually controlled to maintain a
constant vertical position in the tunnel rather than a
constant attitude as in the case of an airplane. This
method of control introduces laz difficultles at times
and causes motions that are probably well damped with
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controls fixed to appear lightly damped when the elevator
control 1s being used.

RANGE OF VARIABLES

During the investigation, the rotational damplng 1n
pltch and the static margin were varied while the welght
of the model and the moment of inertia about the Y-axls
were held constant. The rotational damping factor Cmq

was varied from -3,1 to -1.3 by use of horizontal tail
aresas that ranged from O to 2l percent of the wing area.
(See table I.) The statlc margin was varied for each
tall condition by shifting the center of gravity known
distances shead of the neutral point. The neutral polnts
for the different tall conditiong were determined from a

consideration of the values of EE— obtalned in force
L

tests of the model. The meximum varlation of statle

marginéfor the different tail conditions was from 0,02

to 0.16.

The welght of the model was held constant at a value
of approximately 6.1 pounds, which corresponds to a wing
loading of 2.7 pounds per square foot for the model or
to a wing loading of 27 pounds per square foot for an
airplane 10 times the slze of the model. The moment of
inertia oif' the model for all test conditlions was such
that the ratio of the pltchling radius of gyration to the
wing span ky/b was 0.17. This value of ky/b 1is

within the range of values for conventlonal alrplanes
and 1s only slightly below the average ratio obtalned
from values for over a hundred alrplanes.

The flight tests were made over a range of 1lift
coefficisrus from 0.l to 0.7. The lowest 1ift coeffi-
clent cosainahle (0.l) was established by the maximum
alrapeed of the tunnel. The highest 1ift coefficient
(0.7) was limited by the maximum 1ift coefficient of the
model., Most of the flight tests were made at a 1ift
coofficlent of approximately 0.5.
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. RESULTS

PR

The results of the calculatlons made to determine
the tlme to damp to one-half amplitude and the perlod of
the longitudinal oscillations are presented 1n figures 3
and lj. Results arve glven for the short-perlod oscilla-
tion 1In figure 3 and for the long-period or- phugold
oscillation in figure lj. The steadiness ratings assigned
by the pilot to different flight condltlions are shown in
table II. Data from motion-plcture records showlng time
historles of the vertical motlion and pitching motion of
the model wlth dlfferent amounts of rotational damping
and static margin are presented 1n figures 5 to 7.

DISCUSSION

Effect of Variation of 3tatic Margln

The ratings of table II show that the steadlness of
the rniodel decreesed as the static mergln was reduced for
all valuce of rotational damping. The model was varticu-
larly unsteady at low values of static margin (below0.0L).

Tho model flew very steadlly with large velues of
static margin, end only occasional e¢levator def'lections
were required to keep the model flying srioothly in the
tunnel., The time hlstorles at the bottom of flgures 5
and ¢ show that the vertical motlons of the model during
controlled flight with large statlc margins were slow,
smooth, and of small magnitude.

With low values of statlc margin, howéver, the
motlons became faster, sharper, and larger, as shown by
the upver tlme histories in figures 5 and é. Table IT
shows that, wlth 0,02 statlc marglin, the model was very
unsteady with any amount of rotational damping. Flights
at this condition were very jumpy, &nd strong tendencles
~ toward longltudinal dlvergence were noted. Most flights
with thls amount of static margin ended 1n crashes
because of the extreme dlfficulty experienced by the -
pllot in applylng elevator control st the exact instant
that 1t was needed to prevent longitudinel divergence.
At tlmss, becavse of unavoildable lag in the pllot's
reactlions, the control was applied in such a wey as to
relnforce rather than to oppose the divergent motions.
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In this connection, i1t should be pointed out that the
pltching velocltles of the small-scale models tested in
the NACA free-fllght tunnel are more than three times as
great as the pltching veloclities of the corresponding
airplenes. It is expected, therefore, that the airplans
should be easier to fly than the model with the same
amount of static margin, and it is not believed that an
alrplane corresponding to the model tested would neces-
sarily exhibit poor flight characterlstics simllar to
those that were noted in the tests of the model with 0.02
statlc margin.

The results of the calculations of dynamic longltu-
dinal stability (figs. 3 and ) show that reducing the
static margin increases the perlod of both the phugold
and the short-perilod osclllation and reduces the damping
of the nhugold but does not affect the damping of the
short-period osclllation.

The only agreement noted between the calculations
and the flight-test results was that the perlod of the
short-perliod oscilllatlon was approximately the same as
the perlod of the controlled motion of the model. Theo-
retically, the dampling of the short-period osclllatlon
1s heavy and does not vary with statle margin. It is
possitle, however, that the short-neriod motlon could be
reinforced by elevator control movements cr gust dis-
turbances 1In such a way as to prevent 1t from damping
quickly. If such conditlions were present, an unsteady,
lightly damped longltudinal motion having approximately
the same period as the short-perliod osclllation might
ccecur,

Effect of Variation of Rotational Damping

The ratlings of table II show that variation of rota-
tilonal damping Lad very llittle effect on the longltudinal
steadiness of the model. Decreasing the rotational
damping hed virtually no effect on the steadlness at
larnse values of static margin but decreased the steadi-
ness ellghtly at low values of statlc margin. The time
historlies of figures 5 to 7 show that the vertlecal
motions o.  model during controlled flight with d4dif-
ferent val . of cmq wore roughly €imller for a given

value of static margin., With low values of static margin
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{0.02 and 0,03), the longitudinal divergences were some-
times more violent with ‘the tailless .-{low qu)_ condi-

tion.

The smell effecta of changes in rotational damping
on the longitudinal steadlness of the model indicate that
a tailless alrplane, in shite of 1ts inherently low rota-
tional damping 1n pitch, should have longltudlnal steadi-
ness characterlstlics simllar to those of a conventlonal
ailrnslare with the same statlc margin,

In the Investigatlion no gquantitative data were ob-
talned concerning the effect of changes 1ln rotational
damping on the elevator effectlveness requlred to malntain
a glven degree of controllabllity. It was noted 1n the
flishit tests, however, that es the horizontal tall arsa
(and thus the slevator effectiveness) was reduced, the
magnlitude of the elevatcr control deflections required
to kecp the model flylng satisfactorily in the tunnel
did not increase in direct pronmortion to the reduction
in elevator effectlvenees. It tius appeared that, as
the rotational damping in oitch wes reduced, less
powerful eleovator control was roequlired to obtain satis-
factory flighte with tr.e model.

The calculatlons (figs. 3 and ! ) show that reducing
the rotatioral damping factor Cmq inereases the period

of the chort-period osclllaticn and decreases the period
of the phugold. Reducing the value of qu reduces the

dampling of the short-perlod oscillation for all values
of static margin and reduces the demping of the nhugold
osclllation for the lower values of static margin.

COVCLUDING RaMARKS

The results of the 1lnvestigation to determine the
erfectes on longltudinal steadinsss of varylng static
margin and rotational dampini; are summarized 1n the fol-
lowing peragrapha. 1In the applicatlons of these results
to tha full-scale airvlane the small scale of the model
and the method of control probably make the modsl tests
consorvative; that 1s, the steadiness of the airplane 1s
expected to be somewhat groeater than that of the model
for given values of static margin and rotatlional damping.
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1. The best longitudinal steadlness was noted at
large values of statlc margin while the least steady
condltions were obtalned with very small values of statilc
margin (0.0% or less).

2. Changes in rotational damrping rad 1little effect
on longltudinel steadliness except tnat for low values of
static rmarein (0.03 or less) the longitudinol divergences
wers sometlimes more violent for conditions of low rota-
ticnal damping.

3. The wmodel teat results indiceted that a tallless
alrplane, in splte of its lrherently low rotational
damning in pitch, should have longitudlnal steadiness
characteristics similar to those of a conventional alr-
plane with the same statlc marglin, provlided the statilc
marcsin 1s greater than 0.03,

Langley FMemorlal Aeronautlcal Laboratory
Natlional Advisory Comalttse for Aeronautlcs
Langley Fleld, Va,
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TaBLE I
CHARACTERISTICS OF ¥CD3L USED IN HACA TREE-FLICHT-TUNNEL :
LOYSITUDINAL-3TARILITY IMVESTINATION :
Lorizontal tail T Complste model
Tall - ,
Total area Exposed area Total effect-| Neutral | Rotary
' Aspoct|iveness| voint |dampin
a n o : £ z D-ng
Conditlon} g 4n,) (Perg‘nt (sq 1in.) (Pergent Sg’én ratlo | factor, |(percent | factor,
£) (£t) dCp M.A.C.)| OCp
diy ' ,
Pail 1 78.11 2l..00 | 57.28 17.61 | 1.8 Lh.o5 | 0.02 33 -1&.?
rail 2 | 52.07 | 16.00 32'3P 11.50 | 1.21{ k.05 | .0 2 ~10.
Tail 3 26.0l 8.00 | 16.%[; £.02 56| L.05 | .00 16 -7.?
Tall off,
untrirmmed 12 =3.1
mgil off
trimmed’ 1 -5.1

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

T
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TARIE II

STEADINESS RATINGS® OBTAIWED IY FLIGHT T7HSTS CF ¥CDZL IN LONGITUDINAL-STABILITY

INVESTICATION ¥ADE IY

T7E NACA FREE-FLICET TUNNEL

a

Total -dCp,
tail Statle =arpin, ——-, chords
Tall | erea cmq : > dcg’ . :
[percent 0.02 |0.03[0. 04 10.05]0.08{0.07[0.08 0.09!0.10 0.11{0.12]0.13}0.11;[0.15}0.16
3) :
1 2L 3D jc | < ]-]8|-]a-{-]a]-1]-1]=/]a+]|a+
2 16 =104 - | Cc-jc+ | - | D] - |DH{A-| - A - | - [AF} - | -
3 ) -7.6| D { C-|C+ | B-| B - |B+| - |A- | - A | - [A+ |- -
None 0 !-31|D Cc-1¢C - B B I3+ ] - - A - - - |- -
Syzbol ! Rating Renarka
A Good |Only occasionel clevetor control rejuired. Motloms slow and
snioochi,.
B Falr |Frequent elevator deflectlions required but model easily
coatrolled.
C Poor |Almost continuous attention required to elevator control.
Motions fes:er gnd harder to control.
D Very Poor|Continucus asieation rejuired to elevator and sometlmes
masnitude of motion Increases despite control and causes
crash, “Yertlcal notlors very Jumpy.

NATTONAL ADVISORY
COMMITTEE FOR AERONATUTICS
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Figure 1.- Test section of the NACA free-flight tunnel showing a
model in flight.
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